Background {#Sec1}
==========

Pneumonia is caused by a wide variety of pathogens, and is one of the most common infections around the world. Community-acquired pneumonia (CAP) is caused by bacteria such as *Streptococcus pneumoniae*, *Haemophilus influenzae*, and *Moraxella catarrhalis* or viruses such as influenza virus \[[@CR1], [@CR2]\]. Susceptibility to antibiotics varies depending on the pathogen. For example, the susceptibilities of *Streptococcus pneumoniae*, *Haemophilus influenzae* and methicillin-resistant *Staphylococcus aureus* to β-lactam/β-lactamase inhibitors were reported as 99.5%, 59.3--78.0% and 7.7--20.2%, and the susceptibilities of these species to third-generation cephalosporins were reported as 96.8, 100 and 1.0% \[[@CR1]\]. Antibiotics were therefore selected on the basis of presumptive bacteria in consideration of the patient's age, comorbidities, symptoms, laboratory findings, severity, and so on.

Ceftriaxone (CTRX) and ampicillin/sulbactam (ABPC/SBT) are recommended by various guidelines for pneumonia in a number of countries as the first-line antibiotics for CAP \[[@CR3]--[@CR7]\]. Both of these antibiotics are active against a similar range of microorganisms, except for anaerobic bacteria, which are the predominant pathogens in aspiration pneumonia \[[@CR8]--[@CR10]\]. Because the susceptibility of anaerobic bacteria to CTRX is relatively low \[[@CR11], [@CR12]\], some guidelines recommend ABPC/SBT for the treatment of aspiration pneumonia \[[@CR3], [@CR4]\]. In previous reports that did not consider aspiration risks, no significant differences were found between CTRX and β-lactam/β-lactamase inhibitor combinations such as ABPC/SBT for the treatment of pneumonia \[[@CR13]--[@CR16]\]. Only one paper has compared ABPC/SBT with CTRX in the treatment of aspiration pneumonia patients \[[@CR17]\]. However, that study was a retrospective propensity score-matching analysis and whether this result is applicable to aspiration pneumonia in clinical practice remains unclear.

Some reports have described CAP excluding aspiration pneumonia \[[@CR18]\], but most previous studies of antibiotic treatments for CAP have included patients with aspiration pneumonia. To our knowledge, no reports have compared CTRX and ABPC/SBT for the treatment of CAP in patients without risk factors for aspiration. We therefore carried out the present study with the aim of investigating whether CTRX might be more effective than ABPC/SBT for the treatment of CAP, after excluding cases of aspiration pneumonia.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

We enrolled patients aged ≥15 years who had been hospitalized with CAP without risk factors for aspiration, as described in our previous study \[[@CR19]\]. The diagnostic criteria for CAP are defined as radiological findings of a new and/or progressive infiltrate(s) and two or more of the following symptoms: cough, sputum or change of sputum character (increased volume and/or purulence), dyspnea, pleuritic chest pain, tachycardia, documented axillary body temperature ≥ 37.5 °C within the past 24 h, rigors and/or chills, general malaise, abnormal breathing sounds, auscultatory findings consistent with the lung infiltrate on chest examination, and white blood cell (WBC) count \< 3000/mm^3^ or ≥ 10,000/mm^3^. Severity of pneumonia was determined according to the pneumonia severity index (PSI) \[[@CR20]\].

Cases meeting any of the following criteria were excluded: suspected aspiration pneumonia or hospital-acquired pneumonia; hospitalization within 60 days of symptom onset; active lung cancer (cases other than completely resected ones); terminal illness; immunocompromising disease (human immunodeficiency virus infection, active hematologic malignancies, neutropenia and congenital immunodeficiency) or receipt of immunosuppressive therapy (use of ≥10 mg of prednisolone-equivalents, and/or immunosuppressants); pregnant or breastfeeding; known allergy to the indicated antibiotics; or presence of other infiltrative diseases such as organizing pneumonia, radiation pneumonitis, drug-induced pneumonia, obstructive pneumonia, tuberculosis or fungal infection, and empyema.

To judge whether a case represented suspected aspiration pneumonia, patients were evaluated for various aspiration risk factors \[[@CR21]--[@CR27]\], including the following: neurological disorders such as cerebrovascular disease, neuromuscular disease, and dementia; oral/pharyngeal/throat disorders; bedridden state; gastroesophageal disorders such as gastroesophageal reflux disease, esophageal diverticulum, esophageal cancer, achalasia, systemic sclerosis, post-gastrectomy (total or partial), and hiatal hernia; insertion of a nasogastric tube; currently taking sedatives or hypnotics; subjective or observed aspiration/choking/dysphagia; or episodes of vomiting. Patients having one or more of these risk factors were excluded.

Setting and design {#Sec4}
------------------

This prospective, single-center, open-label, quasi-randomized study was conducted from June 3, 2002 to June 30, 2008 at Ono Municipal Hospital (Ono, Hyogo, Japan). The institutional review board of Ono Municipal Hospital approved the study protocol, and written, informed consent was obtained from all patients. If patient was under 20 years, the consent of his/her parent was also obtained. Patients were enrolled and allocated by attending doctor. Treatment allocation was performed based on the day of month on which the patient was admitted to hospital. If the day of month of admission was an odd number, patients were treated using intravenous CTRX at 2 g every 24 h. If the day of month of admission was an even number, patients were treated using intravenous ABPC/SBT at 3 g every 12 h. These dosages were determined based on drug information available in Japan at the launch of the study. The dose of CTRX or ABPC/SBT was adjusted as follows based on the creatinine clearance rate (CCr): CCr 10--50 mL/min, CTRX 1 g every 24 h or ABPC/SBT 3 g every 12 h; and CCr \< 10 mL/min, CTRX 1 g every 24 h or ABPC/SBT 1.5 g every 24 h. In patients with mild to moderate pneumonia (PSI I--IV), clarithromycin 200 mg was given orally every 12 h in addition to CTRX or ABPC/SBT. This dosage was determined because only clarithromycin 200 mg tablets could be used in Japan and this dosage was approved dose at the time of study. In patients with severe pneumonia (PSI V), erythromycin 500 mg was given intravenously every 6 h in addition to CTRX or ABPC/SBT. No other antibiotics were allowed. The patients received antibiotic treatment for 7--14 days, until their body temperature was \< 37 °C for 48 h with clinical stability, and improvements were seen in terms of dyspnea, sputum, or C-reactive protein (CRP) levels. When a patient showed a recurrence of fever \> 37.5 °C after initial improvement of fever, the same antibiotic therapy was continued for 4 days from the first day of recurrence.

Clinical and bacteriological evaluations {#Sec5}
----------------------------------------

The following clinical data were evaluated on admission: vital signs, comorbidities, physical examination findings, prior antibiotic treatment, and allergy to antibiotics. To evaluate the effects of treatment, clinical findings, chest radiography findings, and laboratory test results were collected before, during, and at end of treatment (EOT; days 7--14). The late response to treatment was evaluated at end of study (EOS; days 28--35).

All patients underwent a microbiological evaluation before starting treatment with antibiotics. Sputum specimens were obtained for Gram staining and cultures if possible. Blood specimens were obtained for cultures. Urine specimens were tested for urinary antigens of *S. pneumoniae* (BinaxNOW® *S. pneumoniae* urinary antigen test; Inverness Medical Innovations, Waltham, MA, USA) and *Legionella pneumophilia* serogroup 1 (BinaxNOW® *Legionella* urinary antigen test). *Mycoplasma pneumoniae* antibody was tested using a paired particle hemagglutinin test, and *Chlamydophila pneumoniae* antibody using a paired enzyme-linked immunosorbent assay (Hitazyme; Hitachi Chemical, Tokyo, Japan). Influenza virus antigen was tested using throat or nasal swab specimens between November and March.

Criteria for evaluation {#Sec6}
-----------------------

The primary outcome was the clinical response at EOT in the validated per-protocol (VPP) population. The secondary outcomes were clinical response during treatment (at days 4 and 7) and at EOS in the VPP population, and the mortality rate at 30 days of admission in the modified intention-to-treat (MITT) population. The VPP population was defined as patients who received treatment with the study drug for ≥4 days in cases of clinical cure, or ≥ 3 days in cases of clinical failure without a protocol violation or missing data. The following patients were excluded: those lacking information or clinical data; those treated with other antibiotics in addition to the study drug; and those treated with systemic corticosteroids affecting the judgment of the effectiveness of treatment in the VPP population. All patients treated with one or more doses of the study drug were included in the MITT population.

The effectiveness of treatment was assessed by blinded investigators. The assessment was based on clinical signs and symptoms, WBC count, serum CRP, and chest radiography. Serum CRP and chest radiography were not used for the assessment on day 4, because the findings might appear to be worse than those on day 1 despite an improvement in patient condition. The clinical response was classified into three categories: improving, indeterminate, or worsening. The test drugs were discontinued and changed to other antibiotics when the clinical response was judged to fall in the latter two categories. "Effective" on days 4, 7 and EOT was defined as a case in which the clinical response was judged as improving at the respective time point. Late response at EOS was classified into three categories: cure, relapse, and failure. Patients with resolution of signs and symptoms of pneumonia were classified as "cure," whereas those with recurrent fever related to pneumonia after day 7, after being primarily judged as improving by EOT, were classified as "relapse," and those without improvement of signs and symptoms of pneumonia or with need for alteration of antibiotics were classified as "failure."

Statistical analysis {#Sec7}
--------------------

The normally distributed data were evaluated using Student's *t*-test, and are reported as mean ± standard deviation (SD). Non-normally distributed data were evaluated using the Mann-Whitney *U* test, and are reported as median (interquartile range). Differences in population rates between the two or more groups were evaluated using the chi-squared test. The two-tailed significance level was set at \< 0.05. Sample size was calculated as follows. If the average clinical effectiveness rate at EOT was estimated to be ≥90%, and the difference in clinical effectiveness rate to be ≥12% based on previous reports \[[@CR13], [@CR28]\], the sample size required to detect a difference with a β value \< 0.20 was 192 cases. If the rate of excluded cases was assumed to be \< 30%, 274 CAP cases would need to be screened. All statistical tests were performed using JMP 14.0.0 (SAS Institute Inc., Cary, NC).

Results {#Sec8}
=======

Patients {#Sec9}
--------

Patient recruitment ended June 30, 2008 as planned. The last patient was followed up until July 8, 2008. A total of 696 patients were hospitalized for pneumonia during the study period. Among these, 433 patients were excluded: 416 because of aspiration risks, 13 because of a protocol violation by a physician, and four because of receipt of immunosuppressive therapy. Therefore, 263 patients were finally included in this study (Fig. [1](#Fig1){ref-type="fig"}), among whom, 124 were allocated to the CTRX group, and 139 to the ABPC/SBT group. In two cases from the CTRX group and three cases from the ABPC/SBT group, no macrolides were administered. Fifty-one patients were excluded from the VPP population: 30 because of misdiagnosis with non-aspiration pneumonia, 10 because of inappropriate antibiotic change, seven because of a lack of information, and four because of insufficient treatment period. No significant differences in the numbers of cases excluded from the VPP were observed between the two groups. Baseline clinical characteristics of the MITT and VPP populations are summarized in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}; these characteristics were similar between the two treatment groups except for CRP, which was higher in the ABPC/SBT group than in the CTRX group in the MITT population, but did not differ significantly between the two groups in the VPP population. This study included patients with low PSI, due to the universal health-care coverage in Japan. Patients with low PSI are thus more likely to be hospitalized in Japan than in other countries. Fig. 1Flowchart of study enrollment. Four hundred thirty-three patients were excluded from analysis because of aspiration risks (*n* = 416), a protocol violation by a physician (*n* = 13), and the use of immunosuppressive drugs (*n* = 4). CTRX = ceftriaxone; ABPC/SBT = ampicillin/sulbactam; MITT = modified intention-to-treatment; VPP = validated per protocolTable 1Baseline characteristics of patients in the modified intention-to-treat (MITT) populationCTRX (*n* = 124)ABPC/SBT (*n* = 139)*p*-valueMale/female, n (% male)63/61 (51)80/59 (58)0.32\*Age, y60.6 ± 21.363.4 ± 18.40.25Comorbidities Cancer10 (8)14 (10)0.67\* Hematological malignancy2 (2)0 (0)0.22^†^ Cardiovascular disease8 (6)14 (10)0.37\* Chronic lung disease23 (19)24 (17)0.87\* Bronchial asthma11 (9)13 (9)1.00\* COPD7 (6)8 (6)1.00\* Chronic liver disease2 (2)1 (1)0.60^†^ Chronic kidney disease3 (2)2 (1)0.67^†^Pneumonia severity index67.8 ± 32.670.7 ± 27.50.45 Class I, n (%)29 (23)24 (17)0.71^‡^ Class II, n (%)40 (32)47 (34) Class III, n (%)25 (20)44 (32) Class IV, n (%)24 (19)20 (14) Class V, n (%)6 (5)4 (3)Performance status, n (%) 0108 (87)122 (88)0.87^‡^ 111 (9)12 (9) 24 (3)2 (1) 30 (0)2 (2) 41 (1)1 (1)Maximum body temperature, °C Before treatment38.1 ± 0.838.1 ± 1.00.89 Day of visit38.0 ± 0.838.0 ± 1.00.79Systolic blood pressure, mmHg127.8 ± 21.5131.4 ± 24.80.22Diastolic blood pressure, mmHg73.0 ± 15.973.1 ± 13.10.97Pulse rate, beats/min90.3 ± 16.789.0 ± 14.90.49Respiration rate, breaths/min (n)21.2 ± 4.6 (83 cases)22.2 ± 5.5 (99 cases)0.18CRP, mg/dL10.7 ± 7.212.9 ± 7.70.02WBC, ×10^3^/μL11.6 ± 5.211.3 ± 5.60.60Albumin, g/dL (n)3.8 ± 0.5 (123 cases)3.7 ± 0.4 (137 cases)0.42*CTRX* Ceftriaxone, *ABPC/SBT* Ampicillin/sulbactam, *CRP* C-reactive protein, *WBC* White blood cell. Data are presented as mean ± standard deviation (SD) for continuous variables and number (%) for categorical variables. Comparisons were conducted using Student's *t*-test unless otherwise indicated. \*Chi-squared test. ^†^Fisher's exact test. ^‡^Mann-Whitney *U* testTable 2Baseline characteristics of patients in the validated per protocol (VPP) populationCTRX (*n* = 104)ABPC/SBT (*n* = 108)*p*-valueMale/female, n (% male)55/49 (53)60/48 (56)0.78\*Age, y59.0 ± 21.663.2 ± 18.90.13Comorbidities\* Cancer8 (8)12 (11)0.48\* Hematological malignancy2 (2)0 (0)0.24^†^ Cardiovascular disease7 (7)12 (11)0.34\* Chronic lung disease21 (20)19 (18)0.73\* Bronchial asthma11 (11)10 (9)0.82\* COPD6 (6)6 (6)1.00\* Chronic liver disease1 (1)0 (0)0.49^†^ Chronic kidney disease2 (2)2 (2)1.00^†^Pneumonia severity index66.3 ± 32.568.5 ± 26.70.60 Class I, n (%)26 (25)20 (19)0.63^‡^ Class II, n (%)35 (34)36 (33) Class III, n (%)20 (19)38 (35) Class IV, n (%)19 (18)11 (10) Class V, n (%)4 (4)3 (3)Performance status, n (%) 093 (89)98 (91)0.76^‡^ 19 (9)8 (7) 22 (2)1 (1) 30 (0)1 (1) 40 (0)0 (0)Maximum body temperature, °C Before treatment38.1 ± 0.938.1 ± 1.00.77 Day of visit38.0 ± 0.938.1 ± 1.00.77Systolic blood pressure, mmHg127.8 ± 20.9132.0 ± 24.40.18Diastolic blood pressure, mmHg73.0 ± 16.273.3 ± 13.40.90Pulse rate, beats/min91.2 ± 17.289.2 ± 15.80.36Respiration rate, breaths/min (n)21.1 ± 4.9 (68)22.0 ± 5.3 (77)0.31CRP, mg/dL11.0 ± 7.112.5 ± 7.50.12WBC, ×10^3^/μL11.7 ± 4.911.0 ± 5.30.37Albumin, g/dL (n)3.8 ± 0.5 (103)3.8 ± 0.4 (106)0.97*CTRX* Ceftriaxone, *ABPC/SBT* Ampicillin/sulbactam, *CRP* C-reactive protein, *WBC* White blood cell. Data are presented as mean ± standard deviation (SD) for continuous variables and number (%) for categorical variables. Comparisons were conducted using Student's *t*-test unless otherwise indicated. \*Chi-squared test. ^†^Fisher exact test. ^‡^Mann--Whitney *U* test

Clinical outcomes {#Sec10}
-----------------

The primary and secondary outcomes are shown in Table [3](#Tab3){ref-type="table"}. The clinical effectiveness rate for the VPP population at EOT was 90% in the CTRX group and 96% in the ABPC/SBT group, indicating a marginal difference between the two groups (*p* = 0.072). In addition, in the VPP population, the effectiveness rate at day 7 was significantly higher in the ABPC/SBT than in the CTRX group (*p* = 0.047). In the MITT population, effectiveness rates on days 4 and 7 were significantly higher in the ABPC/SBT group than in the CTRX group (*p* = 0.018, *p* = 0.007). Time-course analyses of axillary temperature, WBC count, and CRP level in the MITT population showed no significant differences between the two groups (Fig. [2](#Fig2){ref-type="fig"}). Table 3Clinical outcomes in the modified intention-to-treatment (MITT) and validated per protocol (VPP) populationsCTRXABPC/SBTRisk Difference % (95% CI)*p*-valueMITT population, n124139Treatment period, days±SD7.8 ± 3.28.2 ± 3.70.245\* Day 4, effective, n (%)106 (88) (121 cases)130 (96) (135 cases)−8.7 (−15.4---2.0)0.011 Day 7, effective, n (%)105 (88) (120 cases)126 (97) (130 cases)−9.4 (−16.0---2.8)0.007 EOT, effective, n (%)108 (87)130 (94)−7.1 (−14.2--0.0)0.055 EOS, cure, n (%)102 (83)126 (91)0.187 EOS, relapse, n (%)5 (4.0)3 (2) EOS, failure, n (%)17 (14)10 (7) Death within 30 days, n (%)4 (3)0 (0)3.2 (0.1--6.3)0.048^†^ VPP population, n104108Treatment period, days±SD7.9 ± 2.98.3 ± 3.30.387\* Day 4, effective, n (%)95 (91)105 (97)−5.9 (−12.1--0.4)0.079^†^ Day 7, effective, n (%)94 (90)105 (97)−6.8 (−13.3---0.4)0.047^†^ EOT, effective, n (%)94 (90)104 (96)−5.9 (−12.6--0.8)0.072^†^ EOS, cure, n (%)89 (86)102 (94)0.053 EOS, relapse, n (%)5 (5)1 (1) EOS, failure, n (%)10 (10)5 (5) Death within 30 days, n (%)1 (1)0 (0)1.0 (−0.9--2.8)0.491^†^*CTRX* Ceftriaxone, *ABPC/SBT* Ampicillin/sulbactam, *CI* Confidence interval, *EOT* End of treatment, *EOS* End of study. Relapse was defined as cases with recurrent fever after day 7 after primarily being judged as improving by EOT. Comparisons were conducted using the chi-squared test unless otherwise indicated. \*Student's *t*-test. ^†^Fisher's exact testFig. 2Time-course analyses of body temperature (**a**), white blood cell (WBC) count (**b**), and C-reactive protein (CRP) levels (**c**) in the modified intention-to-treatment (MITT) population. Data are expressed as mean ± standard deviation (SD). The solid line shows ceftriaxone (CTRX), and the broken line shows ampicillin/sulbactam (ABPC/SBT). No significant difference was seen between the two groups in BT, WBC count or CRP levels by paired *t*-test

Bacteriologic analysis {#Sec11}
----------------------

The presumptive pathogen was identified in 136 (52%) of the 263 patients (Table [4](#Tab4){ref-type="table"}). The most common pathogen was *S. pneumoniae* (35 patients \[28%\] in the CTRX group and 26 \[19%\] in the ABPC/SBT group). Of these, eight patients in the CTRX group and one in the ABPC/SBT group appeared to have mixed infections with other pathogens. In addition, 38 and 32 atypical pneumonia cases were seen in the CTRX and ABPC/SBT groups, respectively. Viral pneumonia was seen in two cases in the CTRX and one case in the ABPC/SBT group. Table 4Presumptive causative pathogens in the two treatment groupsCTRX\
*n* = 124ABPC/SBT\
*n* = 139*Streptococcus pneumoniae*35 (10)26 (1)*MSSA*02*Haemophilus influenzae*3 (1)3*Klebsiella pneumoniae*03*Enterobacter cloacae*01*Pseudomonas aeruginosa*03*Moraxella catarrhalis*2 (1)1*Mycoplasma pneumoniae*38 (10)28 (1)*Chlamydophila pneumoniae*04Virus\*21Unknown5569*CTRX* Ceftriaxone, *ABPC/SBT* Ampicillin/sulbactam, *MSSA* Methicillin-sensitive *Staphylococcus aureus*. The number of cases with other pathogens detected is indicated in parentheses. Sputum examinations were not possible in 58 cases of the CTRX group and 69 cases of the ABPC/SBT group (*p* = 0.711). Missing data were in three patients of the CTRX group vs in seven of the ABPC/SBT group for blood culture examination (*p* = 0.343), one vs one for *Mycoplasma pneumoniae* and *Chlamydophila pneumoniae* antibody tests (*p* = 1.000), 22 vs 19 for urinary antigen tests of *Streptococcus pneumoniae* and *Legionella pneumophilia* serogroup 1 (*p* = 0.398). \*Diagnosed by influenza virus antigen using throat or nasal swab specimens

Safety and tolerability {#Sec12}
-----------------------

All patients in the VPP population were evaluated for safety. Table [5](#Tab5){ref-type="table"} shows the adverse events probably related to the study drug, which were observed in 22 patients (25 events) in the CTRX group and 19 (20 events) in the ABPC/SBT group. Diarrhea was most frequently observed event in both groups. No patients in either group needed to change the treatment drug because of side effects. Table 5Adverse events possibly or probably related to the study drugCTRX (*n* = 124)ABPC/SBT (*n* = 139)*p*-valueDiarrhea1270.23Rash570.55Elevated AST or ALT441.00Leukopenia111.00Nausea111.00Fever100.48Elevated creatine kinase100.48Total25 (22 patients)20 (19 patients)*CTRX* Ceftriaxone, *ABPC/SBT* Ampicillin/sulbactam, *AST* Aspartate aminotransferase, *ALT* Alanine aminotransferase

Discussion {#Sec13}
==========

In the present study, the clinical effectiveness rates of CTRX and ABPC/SBT were compared in patients with CAP without risk factors for aspiration pneumonia. To our knowledge, this comparison has not been investigated in previous studies. Both antibiotics showed a high clinical effectiveness rate, and no significant differences were found between CTRX and ABPC/SBT at EOT (*p* = 0.072) in the VPP population. However, at day 7, the clinical effectiveness rate was higher for ABPC/SBT than for CTRX (*p* = 0.047). A similar result was obtained on days 4 and 7 in the MITT population (*p* = 0.018, 0.007).

It has been reported that there is no significant difference between β-lactam/β-lactamase inhibitor combinations and third-generation cephalosporins in the treatment of CAP \[[@CR13]--[@CR16]\]. However, most of those previous reports were retrospective studies, except for one that, unfortunately, did not undertake a direct comparison between β-lactam/β-lactamase inhibitor combinations and third-generation cephalosporins. Those studies included cases of aspiration pneumonia. For aspiration pneumonia, Hasegawa reported in a retrospective propensity score-matching analysis that mortality was not significantly different between ABPC/SBT and CTRX groups \[[@CR17]\]. However, whether the two drugs show equivalent effectiveness in the treatment of pneumonia without aspiration risk remains unclear. To our knowledge, the present study is the first to compare the efficacy of CTRX and ABPC/SBT in the treatment of patients with CAP without risk factors for aspiration pneumonia.

The differences in efficacy between CTRX and ABPC/SBT in CAP treatment would be due to anaerobic bacteria, which are common causes of aspiration pneumonia \[[@CR8]--[@CR10]\]. However, anaerobic bacteria can also cause pneumonia in patients without apparent risk factors for aspiration pneumonia. In a previous study that carried out a bacterial floral analysis of 16S rRNA gene sequences in patients with CAP \[[@CR29]\], 17.9% of detected bacteria in bronchoalveolar lavage fluid samples were anaerobic, even in patients without risk factors for aspiration. Although the authors stated that it was unclear whether anaerobic bacteria were the primary cause \[[@CR29]\], their results suggest that anaerobic bacteria may cause pneumonia in some patients without risk factors for aspiration. These reasons might explain the difference in effectiveness rate in the early phase between CTRX and ABPC/SBT in the present study, because the susceptibility of anaerobic bacteria to third-generation cephalosporins is lower than that to β-lactam/β-lactamase inhibitor combinations \[[@CR12]\].

At the time of launching our study, the ABPC/SBT dose was determined according to available drug information in Japan describing that no more than 3 g every 12 h should be administered \[[@CR30]\]. Although this dose is lower than the most current standard dose of 3 g every 6 h \[[@CR31]\], comparable clinical effectiveness was seen between the ABPC/SBT and CTRX groups, suggesting that a dose of 3 g ABPC/SBT every 12 h might be sufficient in CAP treatment. Recently, shortages in antibiotics have been increasingly discussed \[[@CR32], [@CR33]\]. In particular, shortages of penicillin and cephem antibiotics are becoming increasingly common. These problems have led to the use of broader-spectrum or more toxic antibiotics, and concerns about an increase in resistant bacteria and side effects due to inappropriate use have been raised. From the result of our study, treatment with 3 g ABPC/SBT every 12 h could be an alternative dose for patients with CAP if a shortage of ABPC/SBT becomes a serious problem.

In the present study, we examined the safety of CTRX and ABPC/SBT. The most frequent side effect of both treatments was diarrhea. Concerns have also been raised that antibiotics acting on anaerobic bacteria are associated with diarrhea \[[@CR34]--[@CR36]\]. However, in the present study, no significant difference in the frequency of diarrhea during antibiotic therapy with CTRX and ABPC/SBT was found. Rash and elevated liver enzymes were also observed at the same frequency in both treatment groups. Neither of these antibiotics is associated with life-threatening side effects, and no significant differences were observed in the frequency of any side effect between the CTRX and ABPC/SBT groups. Therefore, both antibiotics could be safely used for the treatment of CAP.

One of the strengths of our study was the quasi-randomized design. A trial using a true randomized design takes considerable time and effort to run, and this method may cause treatment delays and difficulties with patient recruitment in the emergency setting. Although selection bias could be present in a quasi-randomized study, no strong evidence has yet shown that selection bias in emergency settings occurs more often with quasi-randomization than with true randomization \[[@CR37]\]. Quasi-randomization could sometimes be an appropriate method in emergency settings.

The present study had several limitations. First, there was uncertainty about the effect size. The difference between groups could potentially be smaller or non-existent. Second, this was a single-center trial. Because the background characteristics of patients would differ between hospitals, the severity of pneumonia would be different. Therefore, whether the clinical differences observed between the two antibiotics in the present study can be generalized needs to be investigated in a follow-up study. Third, to judge whether the patient had aspiration pneumonia, risk factors for aspiration were evaluated, but not swallowing function or silent aspiration at night. Some cases of pneumonia in the present study might thus have been caused by silent aspiration of oral bacteria. Distinguishing pneumonia caused by oral anaerobic bacteria from that caused by other bacteria by evaluating only the risk factors for aspiration was difficult. However, because it is not routine in clinical practice to evaluate swallowing function to judge whether a patient has aspiration pneumonia, the results of the present study can be considered at least somewhat reflective of actual clinical practice.

Conclusion {#Sec14}
==========

In conclusion, no significant difference was observed between ABPC/SBT and CTRX at EOT, but ABPC/SBT might be more effective in the early phase of treatment.
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:   Ampicillin/sulbactam
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CAP
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:   End of treatment

MITT
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